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chain frameworks, which humanized immunoglobulin specifically binds to an antigen, wherein 
the sequence of the acceptor immunoglobulin hea^/chain variable region framework is at least 
65% identical to the sequence of the donor immunoglobulin heavy chain variable region 
framework and the humanized immunoglo^lin heavy chain variable region framework 
comprises at least 70 amino acids identical to those in the acceptor immunoglobulin heavy 
chain variable region framework, wherein percentage sequence identity is determined by 
aligning amino acids in said frameworks by Kabat numbering and wherein said humanized 
immunoglobulin comprisesan^no acids from the donor immunoglobulin heavy chain 
framework outside the Kabat CDRs that replace the corresponding amino acids in the acceptor 
immunoglobulin heavy^hain framework, and each of these said donor amino acids: 

(I) is adjacent to a CDR in the donor immunoglobulin sequence, or 

(S) / is capable of interacting with the CDRs. 

: t ^&1^4T(New) A humanized immunoglobulin according to claim J^3fwherein the 
sequence of the acceptor immunoglobulin heavy chain variable region framework is at least 
70% identical to the sequence of the donor immunoglobulin heavy chain variable region 
framework, wherein percentage sequence identity is determined by aligning amino acids in 
said frameworks by Kabat numbering. 



Remarks 

The courtesies extended by Examiners Reeves and Feisee at the recent 
interview with Applicants are appreciated. The suggested claims amendments have been 
introduced as discussed below. Claim amendments are for purposes of improved clarity or 
consistency of claim language unless otherwise noted. No claim amendment should be 
construed as an acquiescence in any ground of rejection. 

Support for the recital of alignment of immunoglobulins by Kabat 
numbering is provided throughout the Specification, e.g., at Fig. 35, showing immunoglobulin 
sequences aligned by Kabat numbering, and by the statement at page 16, lines 29 to 32: 

Residues are numbered according to the Kabat system (E.A. Kabat et al, Sequences of 
Proteins of Immunological Interest (National Institutes of Health, Bethesda, MD) 
(1987). 
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The language of claims 1 12, 1 16 and 139-142 has also been modified 
slightly for better consistency with the language of claims 111 and 115. 

Support for the recital of 65% or 70% identity between acceptor and 
donor variable region frameworks is provided, for example, at p. 30, lines 16-18 and p. 4, lines 



"hypervariable regions' 1 in claims 1 13, 1 14, 1 19 and 120 is provided, for example, by the 
statement on page 63, lines 2 to 9: 

The chains all exhibit the same general structure of relatively conserved framework 
regions joined by three hypervariable regions, also called Complementarity 
Determining Regions or CDR's ( see , "Sequences of Proteins of Immunological 
Interest," Kabat, E., et al., U.S. Department of Health and Human Services, (1983); and 
Chothia and Lesk, J. Mol. Biol. . 196 . 901-917 (1987), which are incorporated herein by 
reference), (emphasis added) 

Hence, hypervariable regions encompass both Kabat CDRs and Chothia CDRs so, e.g., an 
amino acid outside the hypervariable regions is outside both the Kabat and Chothia CDRs. 
Similarly, insertion of the clause "with the proviso that each of these said amino acids are 
outside Chothia CDR HI (amino acids 26-32)" in claims 1 17, 1 18, 122, 123, 137 and 138 
distinguishes these claims over and disclaims the teachings of Riechmann et al. (of record). 



of allowable subject matter. 

9-10. A substitute declaration will be provided concurrent with a change 
of inventorship under separate cover in view. 

11(a). Claims 114, 118, 120-121, 124-126, 131-135, 137, and 142 stand 
rejected under 35 USC 112, second paragraph on the ground that the claims are indefinite for 
failure to recite that claimed antibodies have a binding affinity within fourfold of the donor. 



17-20. 



Support for replacing the phrase "Kabat and Chothia CDRs" with 



6. The title has been amended. 



7. The cross-reference to related applications has been corrected. 

8. A substitute specification will be provided on receipt of an indication 
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This rejection appears to raise the same underlying issue as the related rejection under 35 USC 
1 12, first paragraph, and is addressed below in the discussion regarding Section 15. 



USC 1 12, first and second paragraphs on the ground that the Specification does not enable one 
to produce a variable region framework which is at least 65% or 70% identical to the donor 
variable region framework. The Examiner writes that predictability of which changes can be 
tolerated in a protein's amino acid sequence, while still obtaining the desired activity of the 
protein requires guidance as to which amino acids in the protein's sequence are tolerant of 
modification, and which are conserved. The Examiner also indicates that sequence identity 
between two sequences may have no common meaning in the art in that the scoring of gaps 
when comparing one sequence to another introduces uncertainty as to the percent of similarity 
between two sequences. This rejection is respectfully traversed as it applies to the present 
claims. 



required for humanized immunoglobulins showing only 65% or 70% sequence identity to a 
donor immunoglobulin to retain similar binding characteristics to the donor. However, the 
premise on which this concern is based, namely, that Applicants allegedly had not identified 
which amino acids are tolerant of modification and which are conserved, is incorrect. The 
conserved residues are the donor CDRs and certain framework amino acids outside the Kabat 
and Chothia CDRs (the framework region is defined on, e.g., page 64, lines 3 to 7). The 
subject Specification provides criteria (e.g., categories 1-4 on pages 31 to 32) for recognizing 
these amino acids, which should be conserved, and exemplifies the application of these criteria 
in the successful humanization of several mouse antibodies. Moreover, the remaining 
framework residues, which are relatively tolerant of change, are not selected at random but 
rather are typically obtained entirely or substantially from the variable framework region of a 
human acceptor antibody. Thus, by following the teaching of the Specification to select donor 
amino acids at CDRs and certain critical positions, and selecting noncritical positions from the 
variable framework region of a human antibody, antibodies having a sequence identity of 65% 
with the donor and having similar binding characteristics as the donor are produced. 



13-14. Claims 111-112, 115, 116, and 139-142 stand rejected under 35 



The Office Action's first issue appears to be that undue experimentation may be 



& 
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With respect to the issue of percent sequence identity, the Office Action alleges 
that it is unclear which algorithm and what parameters are being used to calculate percent 
sequence identity. This appears to be an issue of claim definiteness. 

The claims have been amended to state that sequence identity is determined by 
aligning the framework sequences being compared by Kabat numbering. Such is in accordance 
with all the examples of aligned framework sequences in the subject Specification, such as Fig. 
1-6, but is perhaps illustrated most clearly in Fig. 35A-D. The widely accepted Kabat 
numbering provides a unique method of aligning any two immunoglobulin sequences, which in 
turn provides a well-defined meaning for percentage sequence identity of antibody 
frameworks. Specifically, in the Kabat system, amino acids from the variable regions of the 
mature heavy and light chains of immunoglobulins are denoted Hx and Lx respectively, where 
x is the number of the designated amino acid position (see Kabat et al., Sequences of Proteins 
of Immunological Interest, U.S. Department of Health and Human Services, 1987 and 1991). 
Two immunoglobulin sequences are aligned by aligning each of the respective amino acids 
with the same number, for example, amino acid H50 of a human antibody would be aligned 
with amino acid H50 of a mouse antibody. Using this method, Kabat et al. (ibid.) successfully 
and uniquely aligned some hundreds of mouse and human immunoglobulin sequences. An 
example of alignment of a large number of immunoglobulin sequences by Kabat numbering is 
provided in Exhibit 2 of the Declaration of Dr. Cary Queen submitted with this Amendment. 
In his Declaration, Dr. Queen indicates that the Kabat numbering system and Kabat f s 
alignments of immunoglobulin sequences were so well known at the filing dates of the 
Specification (and still are today), that anyone of skill in the art would have aligned 
immunoglobulin framework sequences in this way. 

Dr. Queen further explains that the success of the Kabat numbering system, the 
ability to number any immunoglobulin sequence according to this system, and the resulting 
ability to align antibody frameworks by Kabat numbering, is fundamentally due to the almost 
complete absence of gaps in framework sequences (with respect to other framework sequences 
of the same type of chain). This is illustrated in Exhibit 2, a representative page of Rabat's 
compendium, where 22 human immunoglobulin sequences are aligned without a single gap in 
the frameworks, and also in Exhibit 3, where 83 human immunoglobulin heavy chain germline 
genes are aligned, again without a single framework gap. Hence, the Examiner's comment that 
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"The scoring of gaps ... introduces uncertainty," while possibly correct for some proteins, is 
simply not germane to immunoglobulin framework sequences. Scoring of gaps is irrelevant 
when there are no gaps. Finally, Dr. Queen notes that when there are no gaps, there is only one 
sensible way to number and align two related sequences, and the Kabat numbering system is 
essentially a reflection of that fact for immunoglobulin framework sequences. 

To further underscore that immunoglobulin framework sequences are aligned in 
only one way, the Applicant has also submitted with this Amendment a Declaration by Dr. 
Maximiliano Vasquez, an expert in antibody structure and humanization. Dr. Vasquez has 
used the GAP program of the widely used Wisconsin Package for sequence analysis (Genetics 
Computer Group, Madison, WI) to align two relevant and representative heavy chain 
framework sequences, namely the mouse anti-Tac sequence and the human EU sequence, 
which are respectively the donor and acceptor immunoglobulin in the first experimental 
example of the subject Specification (pages 75 to 82 and Figure 1). The program provides the 
flexibility to align any two protein sequences using many different similarity matrices and gap 
penalties. Dr. Vasquez instructed the program to align the two framework sequences using 
seven different similarity matrices and ten different gap penalties, thus using a wide variety of 
alignment algorithms, including several particularly recommended by Barton et al. (cited in the 
Office Action) and by the program itself. In every case, as seen in Exhibit 3 of the Vasquez 
Declaration, the alignment was the same, and so was the percent identity (67%). This unique 
alignment generated by all the methods was the same as the alignment by Kabat numbering 
and had no gaps. Hence, while the Examiner may be correct that for some protein sequences 
the scoring of gaps introduces uncertainty, Dr. Vasquez 1 Declaration shows clearly that this is 
not the case for immunoglobulin framework sequences, since the program with any gap penalty 
generated precisely the same alignment and percent identity as did Kabat numbering. Finally, 
Dr. Vasquez added that alignment of framework sequences by Kabat numbering is known to 
produce the closest physical alignment of the corresponding 3-dimensional crystal structures. 
Therefore, even if other sequence alignments are possible, one of skill would reject them as not 
being biologically relevant. 

Lastly, it should be noted that once two framework sequences are aligned, the 
phrases "percent identical" and "percent sequence identity" or "percentage identity" have a 
well-defined meaning. That is simply the percentage of the aligned units (in this case amino 
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acids) that are respectively identical (i.e., are the same). So, for example, if 87 framework 
amino acids are aligned, and 58 of them match, as in Exhibit 3 of the Vasquez Declaration, the 
percent identity is 100 x (58/87) = 67%. No other meaning is consistent with the mathematical 
definition of "percent" or with plain English. Of course, other definitions of similarity are 
possible, and these are frequently referred to as a similarity score or sometimes an identity 
score, since certainly a score may be calculated in many ways. For example, Barton (of record) 
lists a number of such scoring schemes (page 31 to 35). However, Barton also states on page 
42: 



Percentage identity is a frequently quoted statistic for an alignment of two sequences, 
(emphasis added) 

Thus, Barton agrees that percentage identity is one particular statistic (calculated value) that 
has a unique meaning once two sequences are aligned. In addition, in his Declaration, Dr. 
Vasquez notes that the widely used Wisconsin software package also interprets "percent 
identity" in the usual way, stating specifically: "Percent Identity is the percent of symbols that 
actually match." 

For these reasons, withdrawal of the rejection is respectfully requested. 

15. Claims 114, 118, 120-121, 123, 124-125, 126, 131, 132-137, 142 stand 
rejected under 35 USC 1 12, first paragraph. The Examiner acknowledges that the methods of 
humanizing antibodies disclosed in the subject Specification have achieved increases of 
affinity of the order of 3-8 fold relative to the donor antibody, but alleges that the claims read 
on antibodies having much stronger affinities than their donor antibody and should be limited 
to recite an upper limit of within four-fold of the donor antibody. This rejection is respectfully 
traversed as it applies to the pending claims, which do not recite a particular affinity that must 
be obtained. Thus, the question of whether the Specification generally enables increasing the 
affinity of an antibody by humanization, e.g., from a low affinity of 10 5 M" 1 to a moderate 
affinity of 10 8 M" 1 , or from a moderate affinity of 10 8 M' 1 to a high affinity of 10 n M"\ is not 
relevant to these claims, for the reasons detailed below. 
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Although the Office Action acknowledges that the methods disclosed by the 
present Specification can lead to humanized antibodies having at least eight- fold greater 
affinity than the donor, the Office Action appears to assume that there exists a class of 
humanized antibodies having still greater affinity that could be made by some other 
unspecified method, but not by the methods disclosed in the Specification. Applicants disagree 
that such a class of humanized antibodies is reasonably expected to exist. Rather, it is 
Applicants' position that the extent of affinities attainable in humanized antibodies using the 
methods disclosed in the present Specification is substantially coextensive with affinities that 
inherently reside in humanized antibodies encompassed by the claims at issue. Thus, the 
enablement provided by the Specification is commensurate with the scope of the claims. 



antibodies having significantly higher affinity than that attainable by the methods disclosed in 
the present Specification appears to arise due to Grove's reported isolation of a sheep 
monoclonal antibody having an affinity of the order of 10 11 M~ l . Presumably, the Office 
Action's rationale is that if one can make a sheep antibody with an affinity of 10 11 M" 1 , then it 
should be possible to make any humanized antibody having the same affinity. This rationale is 
mistaken. The high affinity of the sheep antibody reported by Grove presumably resides in the 
residues that principally effect binding, namely, the CDR region and a few variable region 
frameworks amino acids that interact with the CDRs. Although it should be possible to 
humanize Grove's particular antibody and achieve an affinity of 10 11 M" 1 , this does not mean 
that donor antibodies in general can be humanized with such affinities. A humanized antibody 
incorporates CDR regions and key framework residues from the particular donor antibody 
being humanized, and thereby precludes incorporation of the same residues from a different 
donor, such as Grove's sheep antibody. 



donor as may limit the affinities of humanized antibodies produced by the present methods, 
apply equally to other methods, and that the enablement provided by the Specification is thus 
commensurate with claim scope. In these circumstances, it is unnecessary and unreasonable to 
expect Applicants to identify a precise point of demarcation between feasible and infeasible 
affinities and expressly recite this in the claims so as to exclude infeasible affinities. In 
general, the claims serve to define what an invention is, rather than what an invention is not. 



The Office Action's assumption that there exists a class of humanized 



For these reasons, it is reasonably expected that such inherent features of a 
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For any claimed invention, one can identify an infinite number of theoretical embodiments that 
in all likelihood could never be made in practice. For example in the present case, one could 
theoretically imagine humanized antibodies that are resistant to autoclaving or which 
simultaneously cure two unrelated diseases, but it would almost certainly be impossible to 
make any such antibody. To expect Applicants to identify all such theoretically imaginable but 
practically impossible embodiments at the time of filing, and expressly exclude them from the 
claims would be an impossible and unreasonable burden, and is not the law. 

It is perhaps for this reason that numerous US patents have issued which claim 
compositions and methods of humanizing or otherwise engineering antibodies while 
maintaining their affinity, without any explicit exclusion of antibodies exceeding an upper limit 
of affinity (see, e.g., US 5,766,886, US 5,225,539, US 5,639,641 and US 5,859,205). In each 
case, it is clear that some upper limit must exist. Nevertheless, it would have been an 
unreasonable and unnecessary burden to expect the patentees to have defined precisely what 
the limit was, and such was not required. 

For these reasons, it is submitted that the present claims need not recite an upper 
limit of binding affinity, and that the rejection should be withdrawn. 

18. Claims 111 and 115 stand rejected as anticipated by Riechmann as 
evidenced by Cheetham. The Office Action refers to Applicants' arguments to the effect that 
Riechmann does not disclose substitutions outside Chothia CDR HI, but says that such 
arguments are not applicable to claims 111 and 115, because these claims do not recite this 
limitation. This rejection is respectfully traversed/ 

With respect, the Office Action seems to be overlooking a separate ground of 
patentability for claims 111 and 115. Namely, these claims specify steps of comparing the 
sequence of a donor immunoglobulin heavy chain variable region against a collection of 
sequences of human heavy chain variable regions, and of selecting a human heavy chain 
variable region from the collection of human heavy chain variable regions to provide an 
acceptor heavy chain variable region, wherein the selected variable region framework is at least 
65% identical to the donor immunoglobulin heavy chain variable region framework. 

The present claims are distinguished over Riechmann in at least two respects. 
First, the donor and acceptor antibodies of Riechmann do not show 65% identity between their 
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heavy chain variable region frameworks, as recited in the noted claims. This can be seen by 
referring to corrected Appendix 1, which shows that the identity was only 53%. Second, the 
NEW antibody used by Riechmann as human acceptor heavy chain framework, was not 
selected as a result of comparing the sequence of Riechmann donor antibody with a collection 
of human antibody heavy chain sequences, but rather because of the availability of an X-ray 
structure for the NEW antibody (see Jones et al. (of record), page 523, lines 6-9). Further, 
nothing in Riechmann suggested that the extent of identity between the donor and acceptor or 
humanized heavy chain was in any way relevant to successful humanization. Thus, Riechmann 
did not provide motivation either to compare the sequence of a donor antibody heavy chain 
with that of a collection of human antibodies or to select a human antibody heavy chain having 
at least 65% sequence identity to the donor. 



Riechmann because Riechmann's humanized antibody and its mouse donor antibody do not 
show at least 65% (or 70%) identity between their heavy chain variable region frameworks, as 
recited in claims 143 and 144 respectively. 

Therefore, none of the claims was anticipated or rendered obvious by 

Riechmann. 

If the Examiner believes a telephone conference would expedite prosecution of 
this application, please telephone the undersigned at 650-326-2400. 



TOWNSEND and TOWNSEND and CREW LLP 

Two Embarcadero Center, 8 th Floor 

San Francisco, California 941 1 1-3834 

Tel: (415)576-0200 

Fax: (415)576-0300 

JOL 

PA 3007376 v2 



New claim 143 (and new claim 144) are similarly distinguished over 
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(DONOR) RAT CAMPATH-1 HEAVY CHAIN 
(ACCEPTOR) HUMAN NEW HEAVY CHAIN 

Match All 
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I I III III I I 
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I I I I I I I III 
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I III • 
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S 
I 

S 

Percent Identity = 46/87 = 53% 



10 20 



15 



4 12 



LVLQMNTLRAE DTATYYCAR 

| | III | | | | | 10 20 

FSLRLSSVTAADTAVYYCAR 



8 10 



1 1 
45 87 



Legend. The donor and acceptor antibodies of Riechmann et al. are aligned, with vertical lines 
indicating identity of amino acids. The Kabat CDRs are underlined. The number of framework 
amino acids on each line and the number that match (i.e., are identical) are listed next to each 
line. The total and number of matching framework amino acids, and percent identity, are shown 
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